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[0009J The recognition phase of response to foreign antigens consists of the binding of foreign antigens to specific 
receptors on immune ceMs. These receptors generally exist prior to antigen exposure. Recognition can also include 
interactJon with the antigen by macrophage-iike cefis or by recognition by factors within serum or bodily fluids. 
[001 0] in the activation phase, /ymphocytes undergo at least two major changes. They proliferate, leading to expansion 
of the clones of antigen-specific lymphocytes and amplification of the response, and the progeny of antigen -stimulated 
lymphocytes differentiate either into effector cells or into memory cells that survive, ready to respond to re-exposure to 
the antigen. There are numerous amplification mechanisms that enhance this response, 

[0011 J In the effector phase, activated lymphocytes perform the functions that may lead to elimination of the antigen 
or establishment of the vaccme response. Such functions include cellular responses, such as regulatory, helper, stim- 
ulator, suppressor or memory functions. Many effector functions require the combined participation of cells and ceHular 
factors. For instance, antibodies bind to foreign antigens and enhance their phagocytosis by blood neutrophils and 
mononuclear phagocytes. Complement pathways are activated and may participate in the lysis and phagocytosis of 
microbes in addition to triggering other body responses, such as fever. 

[0012] In the immune response to antigens, immune cells interact wilti each other by direct cell to cef^ contact or 
indirect cel/to cell (factor mediated) communication. For example, interactions between T cells, macrophages, dendritic 
ce//s, and B cells are necessary for an effective immune response. B and T cells are activated by signals from dendritic 
cells or macrophages, which are antigen presenting cells (APC) that present antigens and deliver activation signals to 
resting cells. Activated T cells help control immune responses and participate in the removal of foreign organisms. Helper 
T cells cause cells to become better effector cells, such as helping cytotoxic T ce/l precursors, to develop into killer cells, 
helping B cells make antibodies, and helping increase functions of other ceils like macrophages. Activated B cells divide 
and produce antigen specific antibodies and memory B cells. The celfs involved in the immune response also secrete 
cellular factors or cytokines, which enhance the functions of phagocytes, stimulate inflammatory responses and effect 
a variety of cells. 

[001 3| The reactions of these cells also involve feedback loops. Macrophages and other mononuclear phagocytes, 
or APCs, actively phagocytose antigensfor presentation to B and Tceils and such activity can be enhanced by lymphocytic 
cellular factors. Macrophages also produce cytokines that, among other activities, stimulate T ceN proliferation and 
differentiation, and that recruit other inflammatory cells, especially neutrophils, and are responsible for many of the 
systemic effects of inflammation, suc^ as fever. One such cytokine, called interleukin-12, is especially important for the 
development of cell-mediated immunity. 

[0014] Dendritic cells are also APCs which initiate an immune response. There are a number of different types of 
dendritic cells, including [ymphoid dendritic cells and Langerhans ceils of the skin. They can be found throughout the 
body and particularly in the spleen, lymph nodes, tonsils, Peyer's patches, and thymus. They are irregularly shaped 
cells which continuously extend and contract dendritic (tree-like) processes. One of their roles in the immune system is 
to regulate and induce B and T ceil activation and differentiation. They are potent accessory cells for the development 
of cytotoxic T ceNs, antibody formation by B cells, and some polyclonal responses like oxidative mitogenesis. They also 
stimulate T cells to release the cytokine interleukin-2. 

[0015] An important ami of vaccination is the response to antigens that is provided by B lymphocytes or B cells. B 
cells represent about 5 to 15% of the circulating lymphocytes. B cells produce immunoglobulins, IgG, IgM, IgA, IgD, and 
IgE. which may be released into body fluids, secreted with attached proteins or be inserted into the surface membrane 
of the B cell. Such immobilized immunoglobulins act as specific antigen receptors. In responding to antigen, these 
immunoglobulin receptors are crossHnked, known as capping, followed by internalization and degradation of the immu- 
noglobulin. Capping also occurs with glycoproteins located on the surface membrane of the B ceils. 
[0016] The B plasma cells produce and secrete antibody molecules that can bind foreign proteins, polysaccharides, 
lipids, or other chemicals in extra cellular or cell-associated forms. The antibodies produced by a single plasma cell are 
specific for one antigen. The secreted antibodies bind the antigen and trigger the mechanisms that facilitate their de- 
struction. 

Monoclonal Antibodies 

[0017] One of the most widely employed aspects of the immune response capabilities is the production of monoclonal 
antibodies. The advent of monoclonal antibody (Mab) technology in the mid 1 970s provided a valuable new therapeutic 
and diagnostic tool Forthe first time, researchers and clinicians had access to unlimited quantities of uniform antibodies 
capable of binding to a predetermined antigenic site and having various immunological effector functions. Currently, the 
techniques for production of monoclonal antibodies is well known in the art. 

[0018] These monoclonal antibodies were thought to hold great promise in medicine and diagnostics. Unfortunately, 
the development of therapeutic products based on these proteins has been limited because of problems that are inherent 
in monoclonal antibody therapy. For example, most monoc/onal antibodies are mouse derived and, thus, do not fix 
human complement well. They also lack other important immunoglobulin functional characteristics when used in humans. 
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ability to bind to the desired antigen. The Mab is created through molecular bioiogy techniques by combining an antibody 
vanable domain having the desired binding characteristics and a constant domain that best meets the potential human 
therapeutic product. Again, Xhls technique lacks antigen specificity. The phage librar/ cannot contain every binding region 
for any and ail desired antigens, it also may contain binding regions whfch lack specificity. Thus, this technique may 
require considerable engineering to increase antibody affinities to useful ievels. 

[0029] Transgenic mice are also being used tocreate "human" antibodies. The transgenic mice are created by replacing 
mouse immunoglobulin gene loci with human immunoglobulin loci. This approach may provide advantages over phage 
display technologies because it takes advantages of mouse in wVo affinity maturation machinery. 
[0030] All of the current technologies for producing human or human-like Mabs are insufficient to provide a species 
specific antibody that is antigen specific for a described antigen. Chimeric antibodies have the advantages of retaining 
the specificity of the murine antibody and stimulating human Fc dependent complement fixation and cell-mediated 
cytotoxicity. However, the murine variable regions of these chimeric antibodies can stiii elicit a HAMA response, thereby 
limiting the value of chimeric antibodies as diagnostic and therapeutic agents. 

[0031] Efforts to immorta&e human 8-ceiis or to generate human hybridomas capable of producing immunoglobulins 
against a desired antigen have been generally unsuccessful, particularly with human antigens. Additionally, immune 
tolerance in humans prevents the successful generation of antibodies to self-antigens. 

Vaccine Therapy 

^0 [0032] Vaccines may be directed at any foreign antigen, whether from another organism, a changed cell, or induced 
foreign attributes in a normal '^self celL The route of administration of the foreign antigen can help determine the type 
of immune response generated. For example, delivery of antigens to mucosal surfaces, such as oral inoculation with 
live polio virus, stimulates the immune system to produce an immune response at the mucosal surface. Injection of 

antigen into muscle tissue often promotes the production of a long lasting IgG response. 

[0033] Vaccines may be generally divided into twotypes. whole andsubunit vaccines. Whole vaccines may be produced 
from viruses or microorganisms which have been inactivated or attenuated or have been killed. Live attenuated vaccines 
have the advantage of mimicking the natural infection enough to trigger an immune response similar to the response to 
the wild-type organism. Such vaccines generally provide a high level of protection, especially if administered by a natural 
route, and some may only require one dose to confer immunity. Another advantage of some attenuated vaccines is that 
30 they provide person-to-person passage among members of the population. These advantages, however, are balanced 
with several disadvantages. Some attenuated vaccines have a limited shelf^life and cannot withstand storage in tropical 
environments. There is also a possibility that the vaccine will revert to the virulent wild-type of the organism, causing 
harmful, even life-threatening, Illness. The use of attenuated vaccines is contraindicated in immunodefident states, such 
as AIDS, and in pregnancy. 

35 [0034] Killed vaccines are safer In that they cannot revert to virulence. They are generally more stable during transport 
and storage and are acceptable for use in immunocompromised patients. However, they are less effective than the live 
attenuated vaccines, usually requiring more than one dose. Additionally, they do not provide for person-to-person passage 
among members of the population. 

[0035] Production of subunit vaccines require knowledge about the epitopes of the microorganism or cells to which 
^0 the vaccine should be directed. Other considerations in designing subunit vacxJines are the size of the subunit and how 

well the subunit represents all of the strains of the microorganism or cell The current focus for development of bacteria! 

vaccines has shifted to the generation of subunit vaccines because of the problems encountered in producing whole 

bacterial vaccines and the side effects associated with their use. Such vaccines include a typhoid vaccine based upon 

the Vi capsular polysaccharide and the Hib vaccine to Haemophiius mfiuenzae. 
^5 [0036] Other vaccines which have been developed include combination vaccines and DNA vaccines. An example of 

a combination vaccine is the Bordetella pertussis toxin and Its surface fimbria! hemagiutinin. In DNA vaccination, the 

patient is administered nucleic acids encoding a protein antigen that is then transcribed, translated and expressed in 

some iorm to produce strong, long-lived humoral and cell-mediated immune responses to the antigen. The nucleic acids 

may be administered using viral vectors or other vectors, such as liposomes. 
50 [0037] The immune response created by vaccines can be non-specifically enhanced by the use of adjuvants. These 

are a heterogeneous group of compounds or carrier components, such as liposomes, emulsions or microspheres, with 

several different mechanisms of action. 

[0038] In addition to the typical use of vaccines for protection against disease, vaccination is being used to fight cancer. 
The Idea of non-specifically stimulating the immune system to reject tumors is nearly a century old. Coley, an early 
S5 researcher in the field, used bacteria! filtrates with considerable success. Attempts to vaccinate against cancer with 
purified cytokines and immunostimulants have had only limited success and have been effective for only a few types of 

tumors- 

[0039] Many diseases, in addition to cancer, are mediated by the immune system. The diseases Include allergies. 
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[0044] The methods of targeted delivery to the immune ceils are such methods as those used tor in vitro techniques 
such as addition to cellular cultures or media. 

[004S] In one embodiment, the present invention comprises in vitro methods and composJtions for the simultaneous 
and/or sequentiaf targeted stimulation of specific individual components of the immune system by a putative antigen or 
vaccine molecule to enhance, alter, or suppress the immune response to the antigen/vaccine. Another aspect of the 
invention provides for mcreasing the effbacy with which antigens and vaccines induce an immune response. In one 
embodiment, the in vitro methods and compositions of the invention are capable of the simultaneous stimulation of many 
different individual immune components through the presentation of specific component-stimulating compositions. 
[0046] The present invention also comprises compositions and in vitro methods for the sequential stimulation of the 
immune system by providing component-stlmufating compositions at one or more steps in an immune response cascade 
of interacting factors and cells, in one disclosed embodiment, the specific immune components stimulated are macro- 
phages, dendritic cells, S ceils, and T cells. 

[0047] In a preferred embodiment, the m vitro methods comprise the sequential administration of component-stimu- 
lating compositions. The compositions may comprise the same component>specific immunostimulating agent given at 
different times or by different methods of administration. In another preferred embodiment, the in vitro methods comprise 

the sequential administration of different component-specific immunostimulating agents. For example, a first compo- 
nent-specific immunostimulating agent will stimulate an initiating step of the immune response, followed by a later 
administration of a second component-specific immunostimnlating agentto stimulate a later step of the immune response. 
The present invention contemplates administration of multiple component-specific immunostimulating agents to mitiate 
several pathways of the immune system, followed by iater administrations of the same or other component-specific 
immunostimulating agents to continue and enhance the Immune response, 

[0048] Additionally, it is contemplated in the present invention that the compositions and in vitro methods described 
herein can be used for stimulation of an immune response or the suppression of an immune response. Administration 
of component-specific immunostimulating agents for the suppression of immune responses can be used to control 
autoimmune diseases or organ rejection, 

[0049J in another embodiment, the present invention comprises in vitro methods and compositions for the production 
of antigen-specific, species-specific monoclonal antibodies. These in vitro methods and compositions rely upon the 
conversion of immune cells. In a preferred embodiment, the in vitro methods and compositions comprise the in vitro 

conversion of circulating immune cells. These cells mount a primary response to the antigen, resulting in the production 
of antigen specific antibody, These selected primary clones are then immortalized to produce cells that secrete antibodies 
comprised entirely of protein from the selected species. 

[0050] In a preferred embodiment of the invention the antibodies produced are wholly human monoclonal antibodies 
which are produced through the in wfroculturing of human peripheral blood lymphocytes. A key element to this invention 
is the antigenic recognition of "self' molecules. Such self molecules include those molecules that are native or naturally 
occurring in an individual, as well as any molecule having a structure which is the same as that which occurs naturally 
in a particular species. This recognition reduces immunogenicity because the antibodies contain protein from only one 
species. 

[0051] These antibodies, however, may still result in some immunogenicity because the protein contained within the 
antibody, while from the same species, is foreign co the individual. In another preferred embodiment, the monoclonal 
antibodies produced h vitro are made from the blood of a human or animal and then injected Into that same individual. 
In such situations, the antibodies produce little or no immunogenicity because the antibodies are comprised entirely of 

protein from that individual. 

[0052] Once these primary cultures have converted to the production of antigen specific antibody, they are immortal- 
ized, for exampie, by fusing with human immortalized cancer cells or by transfecting the antibody producing cells with 
oncogenes, such as ras, or with viruses, such as Epstein Barr virus. The resultant hybridomas are screened for specific 
antibody secretion and then processed, for example, by limiting dilution procedures to isolate a single monoclonal 
antibody producing cell. The resultant human monoclonal antibody contains only human protein. No animal protein 
enters into the construction of the human monoclonal antibody. The absence of all animal protein ensures that no 
human-anti-animal antibody will result from the therapeutic administration of these antibodies. 

[0053] The in vitro methods and compositions of the present invention provide a novel and versatile approach to 
systems for the targeted stimalaaon of an immune response. In one disclosed embodiment, the present invention 
comprises component-stimulating compositions. In a preferred embodiment, the component-stimulating compositions 
comprise component-specific immunostimulating agents. In another preferred embodiment, the component-stimulating 
compositions comprise component -specific immunostimulating agents in association with colloidal metaL In yet another 
preferred embodiment, such compositions comprise an antigen in combination with a component-specific rmmunostMi-i- 
ulating agent, and in a further preferred embodiment an antigen and a component-specific immunostimulating agent are 
bound to a colloidal metal, such as colloidal gold, and the resulting chimeric molecule is presented to the immune 
component. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
[00741 

s Figure 1 illustrates the in vitro internalization of EGF/CG/IL-lp complex by macrophages. 

Figure 2 iliustrates the in vitro internanzation of EGF/CG/TNF-a complex by dendritic cells. 
Figure 3 illustrates the in vitro internalization of EGF/CG/IL-6 complex by 8-cells. 
Figure 4 illustrates the in vitro internalization of EGF/CG/IL-2 complex by T-cells. 

Figure 6 illustrates the production of human-anti-human TNF-a antibodies by the process of the invention. 
10 Figure 6a is a 200x bright field micrograph illustrating the giant ceil formation induced by this long term incubation 

of isolated human lymphocytes with colloidal gold/TNF«a. Figure 6b is a 200x phase contrast micrograph bright field 
monograph of the same cells. 

Figure 7 demonstrates the necessity of the colloidal gold to generate an antibody response to self proteins. 
Figure 8 illustrates that the gold stam is associated with free-floating clusters of activated B-cells, not macrophages 
TO or dendritic calis. 

Figure 9 Is a schematic drawing of a preferred embodiment of the present invention. 

Figure 1 0 is a graph showing the saturable binding kinetics of the delivery platform with TNF-a, 

DETAILED DESCRIPTION OF THE DISCLOSED EMBODIMENTS 

20 

E n han cem e nt Qt gp JT^nri uneResponse 

[0075] The present invention relates to compositions and m vH:ro methods for enhancing an Immune response and 
increasing vaccine efficacy through the simultaneous or sequential targeting of specific immune components. More 

^5 particularly, specific immune components including antigen presenting cells (APCs), such as macrophages and dendritic 
cells, and lymphocytes, such as B cells and T cells, are individually effected by one or more component-specific immu- 
nostimuiating agents. An especially preferred embodiment provides for activation of the immune response using a 
specific antigen in combination with the component-specific Immunostimulating agents. As used herein , component-spe- 
cific immunostimulating agent means an agent, that is specific for a component of the Immune system, and that is capable 

30 of effecting that component, so that the component has an activity in the immune response. The agent may be capable 
of effecting several different components of the immune system, and this capability may be employed in the methods 
and compositions of the present invention. The agent may be naturally occurring or can be generated and manipulated 
through molecular biological techniques or protein receptor manipulation. 

[0076] The activation of the component in the immune response may result In a stimulation or suppression of other 
35 components of the Immune response, leading to an overall stimulation or suppression of the immune response. For 
ease of expression, stimulation of Immune components is described herein, but it is understood that all responses of 
immune components are contemplated by the temi stimulation, including but not limited to stimulation, suppression, 
rejection and feedback activities. 

[0077] The immune componentthat Is effected may have multiple activities, leading to both suppression and stimulation 

40 or initiation or suppression of feedback mechanisms. The present invention is not to be limited by the examples of 
immunological responses detailed herein, but contemplates component-specific effects In all aspects of the immune 
system. 

[0078] The activation of each of the components of the immune system may be simultaneous, sequential, or any 
combination thereof. In one embodiment of an in vitro method of the present invention, multiple component-specific 

^5 immunostimulating agents are administered simultaneously. In this in vitro method, the immune cells are simultaneously 
stimulated with four separate preparations, each containing a composition comprising a component-specific immunos- 
timulating agent. Preferably, the composition comprises the component-specific Immunostimulating agent associated 
with colloidal metal. More preferably, the composition comprises the component-specific immunostimulating agent as- 
sociated with colloidal metal of one sized particle or of different sized particles and an antigen. Most preferably, the 

5a composition comprises the component-specific immunostimulating agent associated with colloidal metal of one sized 
particle and antigen or of differently sized particles and antigen. 

[0079] The Inventors have found that they could use certain component-specific immunostimulating agents provide 
a specific stimulatory, up regulation, effect on individual immune components. For example, lnterleukin-1 p (lL-1 p) 
specifically stimulates macrophages, while TNF-a (Tumor Necrosis Factor alpha) and Flt~3 llgand specifically stimulate 
55 dendritic cells. Heat killed Mycobacterium butyricum and lnterleukin-6 (lL-6) are specific stimulates of B cells, and 
lnterleukin-2 (IL-2) is a specific stimulator of T cells. Compositions cmrtprising such component-specific immunostimu- 
lating agents provide for specific activation of macrophages, dendritic cells, B cells and T cells, respectively. For example, 
macrophages are activated when a composition comprising the component-specific Immunostimulating agent IL-1p is 
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protection. 

[0087] The in v^tro methods and compositions of the present invention can also be used to treat diseases in which an 
immune response occurs, by stimulating or suppressing components that are a part of the immune response. Examples 
of such diseases include Addison's disease, allergies, anaphylaxis, Bruton's syndrome, cancer, including solid and blood 

5 bornetumors, eczema, Hashimoto's thyroiditis, polymyositis, dennatomyositis, type 1 diabetes mellitus, acquired immune 
deficiency syndrome, transplant rejection, such as kidney, heart, pancreas, lung, bone, and liver transplants. Graves' 
disease, polyendocrine autoimmune disease, hepatitis, microscopic polyarteritis, polyarteritis nodosa, pemphigus, pri- 
mary biliary cirrhosis, pernicious anemia, coeliac disease, antibody-mediated nephritis, glomerulonephritis, rheumatic 
diseases, systemic lupus eithematosus, rheumatoid arthritis, seronegative spondylarthritides, rhinitis, Sjogren's syn- 

10 drome, systemic sclerosis, sclerosing cholangitis, Wegener's granulomatosis, dermatitis herpetiformis, psoriasis, vitiligo, 
multiple sclerosis, encephalomyelitis, GuiUaln-Barre syndrome, myasthenia gravis, Lambert-Eaton syndrome, sclera, 
episdera, uveitis, chronic mucocutaneous candidiasis, urticaria, transient hypogammaglobulinemia of infancy, myeloma, 
X-linked hyper IgM syndrome, Wiskott-Aldrich syndrome, ataxia telangiectasia, autoimmune hemolytic anemia, autoim- 
mune thrombocytopenia, autoimmune neutropenia, Waldenstrom's macrogiobullnemia, amyloidosis, chronic lym- 

15 phocytic leukemia, and non-Hodgkin's lymphoma. 

Production of In Vitro Monocjonal Antibodies 

[0088] The in vitro methods and compositions of the present invention can further be used to produce antigen-specific, 

20 species-specific monoclonal antibodies that enhance immune response. These antibodies are produced, for example, 
by contacting in vitro an antigen, antigen presenting cells (APCs), immune ceils, such as B cells, and optionally one or 
more component-specific immunostimulating agents. Once antigen -specific antibodies are detected, the activated im- 
mune cells are immortalized, for example, by fusing with human immortalized cancer cells. The resulting hybridomas 
can thenbescreened for specific antibody secretion and asingiemonoclonai antibody producing cell may then be isolated. 

25 [0089] The antigen, APCs, immune cells, and component-specific immunostimulating agent may all be introduced 
into the in vitro culture at the same time. Optionally, these various components may be added sequentially in any order 
or combination. The antigen and component-specific immunostimulating agent may be two distinct molecules, or may 
be present in the fomi of a complex. For example, an antigen may be complexed with different cytokines, which when 
added in a sequential fashion would stimulate specific cells in the culture in a predictable, stepwise fashion. 

30 [0090] Cells, such as APCs and B cells may be obtained from any source, preferably from peripheral blood. Peripheral 
bloodf rom any source may be used to produce the antigen-specific species-specific antibodies of the invention. Although 
the most significant use of the present invention is the production of human-anti-human antibodies, it is possible to use 
the process of the invention to develop antigen-specific species-specific antibodies for other animal species as well For 
the production of human-anti-human antibodies, blood may be conveniently obtained from the American Red Cross. 

35 [0091] In a preferred embodiment, it is desirable to separate the buffy coat from the rest of the whole blood. There 
are two separate components within the buffy coat that are important to the practice of the present invention. These are 
the antigen presenting cells (APCs), such as macrophages, lymphocytes, Langerhanns cells, and dendritic cells, and 
the B cells. B cells are also antigen presenting cells, but upon presentation with antigen, they produce an antibody 
response. Once separated from the whole blood, the entire buffy coat may be used, or the APCs and B cells may be 

40 separated and used individually. Either of these components may be isolated and frozen according to procedures well 
known to those of ordinary skill in the art, such as flow cytometry, magnetic cell separation, and cryop reservation, and 
used at a later time without affecting the generation of the antibodies. 

[0092] Although any combination of antigen, antigen presenting cells (APCs), component-specific immunostimulating 
agents, and B cells can be employed /n vitro in the present invention in any manner, a preferred preparation employs 
43 the antigen bound to a colloidal metal. In this embodiment, the buffy coat or APCs are placed In a vessel. Colloidal metal 
bound antigen is then added to the vessel and incubated with the buffy coat or APCs. 

[0093] The antigen bound colloidal metal composition can be produced by the method described below. The antigen 
bound colloidal metal may be added to the buffy coat or APCs alone, or In the presence of adjuvants, immunogenic 
proteins, nucleotides, or accessory cytokine/immuostimulators which aid in the development of aTh2/B-ce|l response. 
50 Optionally, these adjuvants, immunogenic proteins, nucleotides, and accessory cytokine/immuostimulators may be 
bound to the colloidal metal in a manner similar to that by which the antigen was bound prior to incubation of the colloidal 
metal bound antigen with the buffy coat or APCs. 

[0094] If B cells are initially present as when the entire buffy coat is used, their number may become depleted during 
incubation with the colloidal metal bound antigen. Therefore, after incubation, additional B cells are, optionally, added 
55 to the vessel These B cells may be freshly obtained, frozen , or those separated from the buffy coat of the same sample. 
The APCs in the vessel activate the B cells to produce antibodies m re^onse to the specific antigen bound to the colloidal 
metal 

[0095] Once in !/f?rc>se reconvert on is confirmed, the cells are immortalized. The cells can be immortalized by several 
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comprise bindmg the antigen/vaccine in a less specific method, without the use of binding partners, such as by using 
polycations or proteins. 

[0104] The present invention comprises tn vitro methods and compositions for targeted delivery of component- specific 
immunostimulating molecuies that use colloidal metats as a piatform. Such colloidal metals bind, either reversibly or 

5 irreversibly, molecuies that interact with either an antigen/vaccine or component-specific immunostimulating agents or 
antigen/vaccine. The interacting molecules may either be specific bindmg molecuies, such as members of a binding 
pair, or may be rather nonspecific interacting motecules that bind less specifically. The present invention contemplates 
the use of interacting molecuies such as polycationic elements known to those skilled In the art including polylysine. 
protamine sulfate, histones or asialogiycoproteins. 

10 [0105] The members of the binding pair comprise any such binding pairs known to those skilled in the art, includmg 
antibody-antigen pairs, enzyme-substrate pairs; receptor-^ligand pairs; and streptavidrn-biotin. Novel binding partners 
may be specifically designed. An essential element of the binding partners is the specific binding between one of the 
binding pair with the Other member of the binding pair, such that the binding partners are capable of being joined 
specifically, Another desired element of the binding members is that each member is capable of binding or being bound 

15 to either an effector molecule or a targeting molecule. 

[0106] The compositions and in vitro methods of the present invention comprise the variations and combinations of 
mixtures of the above described binding capabilities and methods. For example, an embodiment of the present invention 
comprises the component-specifrc immunostimulating molecules bound directly to the metallic platform and the anti- 
gen/vaccine being bound to the metallic platform through either specific or less specific binding by integrating molecules, 

PO such as binding the binding pairs described above. Another embodiment of the present invention comprises the antigen 
or vaccine bound directly to the colloidal metal platform and the component-specific immunostimulating molecule bound 
through either specific or less specific binding by mtegrating molecules. In still another embodiment, the present invention 
comprises the binding of both the component-specific immunostimulating molecules and the antigen/vaccine to the 
metallic platform through specific or less specific binding by integrating molecules or the direct binding of the compo- 

^5 nent'Specific immunostimulating molecules and the antigen/vaccine to the metallic platform, A still further embodiment 
of the present invention comprises binding the component- specific immunostimulating molecules bound to the metallic 
platfomi through binding by the less specific integrating molecule binding and the antigen/vaccine bound to the metallic 
platform by the binding of complementary binding members. Other combinations and variations of such embodiments 
are contemplated as part of the present invention, 

30 

Method for Binding of Composition Components to Platform 

[0107] Each of the elements of the compositions may be bound, separately or in combinations, to the colloidal metal 
by any in vitro method. However, a preferred in vitro method for binding the elements to the colloidal metal is as follows. 
3S in this example, the composition comprises an antigen and a component-specific immunostimulating agent, though the 
method is not limited to this embodiment. The antigen is reconstituted in water. Approximately 50 to 100 jxg of antigen 
is then incubated with colloidal metal. 

[0108] The pH of the colloidal antigen mixture may have to be adjusted so that it is 1-3 pH unites above the pi of the 
component specific agent. Subsequently, 50-100 ^.g of the component specific agent is added to the antigen colloidal 
40 mixture and incubated for an additional 24 hours. During this time, the targeting component specific agent becomes 
incorporated into the antigen gold complex resulting in an immune component targeted antigen delivery system. The 
inventors have successfully performed such experiments and in fact have linked up to 3 different moieties on the same 
colloidal metal particle- 

[0109] After the binding of Ihe component specific agent to the antlgen/Au the mixture is stabilized by the addition of 
45 a 1 % v/v solution of 1 -1 00% polyethylene glycol. Other stabilizing agents may include Brij 58 and cysteine, other sulfhydryl 
containing compounds, phospholipids, polyvinyipyrolidone, poly-L-lysine and/orpoly-L-proline. The mixture is stabilised 
overnight and subsequently centrlfuged to separate the bound antigen and component specific agent from unbound 
material The mixture is centrifuged at 14,000 rpms for 30 min., the supernatant removed and the pellet resuspended 
in water containing 1% albumin. This procedure has a relatively high efficiency of coupling the antigen and targeting 
so component since 75% to 96% of both moieties are bound. Furthennore, free material which Is not bound to the colloid 
is separated by centrifugation. 

Exemplified Components 

55 [0110] The term "colloidal metal," as used herein, includes any water-Insoluble metal particle or metallic compound 
as well as colloids of non-metal origin such as coltodial carbon dispersed rn liquid or water (a hydrosol). Examples of 
colloidal metals which can be used in the present invention include metals in groups llA. IB, IIB and lilB of the periodic 
table, as well as the transition metals, especially those of group VI 11. Preferred metals include gold, silver, aluminum, 
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EXPERIMENTAL DATA 
EXAMPLE 1 

5 [0117] The following is the general experimental protocol that was followed for binding a molecule, whether antigen 

or component-specific immunostimulating agent, to coHoidal gold. The molecule was reconstituted in water. 200 |xg of 
the molecule was incubated wrth 25 mL colioidal gold for 24 hours. The molecuie/coiioidai gold complex solution was 
then centrifuged at 14,000 rpm for 20 minutes in a micro centrifuge at room temperature. The supernatant was then 
removed from the pellet 

10 

EXAMPLE 2 

10118] 50 ^^g of epidermal growth factor (EGF) was bound to 25 ml of 40nm colioidal gold particles at a pH of 11.0. 

The solution rocked on rocking platform for 24 hours. 50 ijig (added as 50 of targeting cytokine (i.e,. IL-1 p to target 
1S macrophages, lL-2 to target T cells, 1L~6 to target B ceils, and either TNF alpha or Flt-3 Ligand to target dendrft^c cells) 
was added to the EGF/Au solution and rocked for an additional 24 hours. To separate colbidal gold bound and unbound 
material the solution was then centrifuged at 14,000 rpm. The supernatant was removed and the pellet was reconstituted 
in 1 ml of water containing 1% human serum albumin. 

20 EXAMPLE 3 

10119] EGF was bound to colloidal gold (CG) using the procedure in Example 2. Tumor Necrosis Factor-a (TNF-a) 
was then bound to the EGF/CG complex using the procedure of Example I to produce an EGF/CG/TNF-cx chimera. 

25 EXAMPLE 4 

10120] EGF was bound to coNoidal gold (GG) using the procedure in Example 2. lnteHeukin-^6 {IL-6) was then bound 
to the EGF/CG complex using the procedure of Example 1 to produce an EGF/GG/lL-6 chimera. 

30 EXAMPLE 5 

{0121] EGF was bound to colloidai gold (CG) using the procedure in Example 2. lnterleukin-^2 (iL-2) was then bound 
to the EGF/CG complex using the procedure of Example 1 to produce an EGF/CG/IL,-2 chimera. 

35 EXAMPLE 6 

[0122] The buffy coat was separated from a sample of whole blood as is well known in the art. 100-500 mL of whole 
blood was collected on heparin. The blood was carefully layered onto a 50% (v/v) ficoll-hypaque solution and centrifuged 
at 2700 rpm for 7 minutes. The buffy coat, the collection of white blood cells at the serum/ficoU interface, was collected 
40 with a Pasteur pipette and placed mto 10 mL of PBS containing 0,5 mg/mL heparin. The were centrifuged at 1500 rpm 
and the pellet washed and recentrtfuged. The cells were washed 2X in the PBS solution and centrifuged once again. 
[0123] The cells were resuspended in RPMl containing either 10% fetal bovine or normal human serum and cultured 
in 6-well plates at a cell density of 10^ cells/weH. The cells were then stimulated with 50-100 \kL of one or all of the 
antigen/cytokine mixtures. 

^5 [0124] As shown in Figure T only macrophages internalized the EGF/CG/IL-lp chimera, while only dendritic cells 
internalized the EGF/CG/TNF-a chimera {Figure 2). Similarly, only B cells internalized the EGF/CG/lL-6 chimei^ (Figure 
3), and only T cells Internalized the EGF/CG/lL-2 chimera (Figure 4). 

[01 2S\ As shown by this experiment, certain component-specific t mm un ©stimulating agents are specific for individual 
immune components. Thus, it is possible to target specific immune components with component-specific immunostim- 
so ulating agents, thereby enhancing their immune response resulting in increased activity in the overall immune response. 

EXAMPLE 7 

[0126] For this example staphyioccal enterotoxin B was used as the putative antigen/vaccine molecule, since there 
55 is evidence that binding the toxin to colloidal gold reduces its toxicity. 500 ^g of the toxin was initially bound to 250 ml 
of 40 nm colloidal gold particles. The colloidal solution was then aliquotted. 50 ug of a targeting cytokine (IL-lp, IL~2, 
IL~6 and TNFa) was added to one of the aliquots and reincubated for 24 hours. The toxin-AU -cytokine colloid was 
centrifuged at 14.000 rpm and the supernatant removed. The pellet was reconstituted to 1 ml of water The pellet was 
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EXAMPLE 10 

ELiSA Assay for Human-Anti-Human TNF<t Antibodies 

[0135] 1 ml aliquots were taken from three of the flasks of ceils treated as shown in Example 9 and centnfuged at 
1,500 rpm for 15 minutes. The supernatant was collected and stored at -20^0. 

[0136] R^ombfnant human TNF was coated onto the wells of a tnJcrotiter plate in a carbon ate/ bicarbonate buffer. 
The plate was washed four times w^th TBS having 2.0 ml/1 Tween 20. 1 00 ^xl of the supernatant was added to each welL 
Control wells received unused growth medium. The samples were incubated overnight at room temperature. 
[0137] The plates were then washed and 100 (xl of an aJkaline-phosphatase conjugated goat-antj-human IgG, diluted 
1:1000 (in TBS -f- 0,1 % BSA), was incubated with the wells for 1 hour. The plates were then rewsshed and 100 ix\ of 
the alkalme phosphatase substrate (pNPP) was incubated with the wells until appropriate color developed. 
[0138] The results of this assay are illustrated in Figure 5. This figure shows that human'anti~humanTNF-« antibodies 
were produced by the method of the invention as described in Examples S and 9. 

EXAMPLE 11 

Cell Fusion and Hybiidoma Selection 

[0139] Once in vitro seroconversion of the cells in Example 9 was confirmed, 10^-10^ K6H6/B5 myeloma cells were 
added directly into the vessel in whjch the seroconverted ceils were detected. The ceils were gently mixed, collected 
and centrifuged at 1,200 rpm fori 5 minutes. The supernatant was removed, and the pellet washed in serum free DMEM. 
The cells were centrifuged one last time, and the supernatant completely removed. The peilet was gently tapped loose, 
and the cells fused by the addition of a 53% PEG 1450 solution according to the strategy described in the table below. 
[0140] The PEG solution was added to the cells using the following method and incubations, whiie shaking the celfs 
at 37"C: 


Tjme 

Volume of PEG added (dropwise) 

0 mm 

0.5 ml over 30 seconds and wait 30 seconds 

1 min 

0.5 ml over 30 seconds and wait 30 seconds 

2 min 

1.0 m! over 60 seconds and wait 60 seconds 


[0141] Next, serum free DM EM was added to the cel^s usmg the following schedule. 


Time 

Volume of DMEM added (dropwise) 

0 mm 

1 ,0 ml over 30 seconds and wajt 30 seconds 

4 min 

1 .0 ml over 30 seconds and Wajt 30 seconds 

5 min 

8,0 ml over 60 seconds and wait 60 seconds 

7 min 

15.0 ml over 60 seconds and mcubate 1 minute 


[0142] The cells were subsequently centrifuged at t ,200 rpm for 1 5 minutes. The supernatant was removed, and the 
pellet was reconstituted in a 50% DMEM/RPMI media containing 1 0% FBS, 1 0% Origen^^^ the cytokine cocktaN men- 
tioned above and the hybridoma selectrng agent HAT at a final concentration of 10%. The cells were mitially seeded 
into five 96 well tissue culture clusters in 150 ^xl aliquots. To increase the proliferatfon of clones, the ce^ls were also 
stimulated with 26 jxl colloidal gold bound TNF-^c used in the initial immunizations. 

[0143] The cells were grown in HAT containing medium for two weeks, after which HT was substituted for the HAT 
as a selection drug. FoHowing two weeks of growth, the cells were grown in 50% DMEM/RPMl med^a supplemented 
with the cytokine cocktail, 10% Origen^^, and 10% FBS. 
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monograph of the same ceils. 
EXAMPLE 14 

5 [0153] Lymphocytes were Isolated from the buffy coats of human peripheral blood obtained from the American Red 

Cross. The lymphocytes were treated with either (1) colio'ida! goid aione, (2) colloidal gold bound with human serum 
albumin (HSA), or (3) colloidal gold bound with TNF-a. Each group was divided into two aiiquots. One aliquot was blocked 
with 1% PEG, and the other remained untreated. 

[0154] The primary cell type which took up the gold or gold/HSA group was the macrophage. This was confirmed by 
'io giant cell formation. However, as illustrated by Figure 7, the primary cei! type taking up the gold in the TNF-aygold group 
had the elongated form of dendritic cells. 

[0155] This result \s indicative of receptor mediated binding of the colloidal goid bound TNF-a. Additionally, the re- 
quirement of TNF-cx for the differentiation of dendritic ceHs suggests that the colloidal goid bound TNF-<x retained its 
biologic activity, 

IS 

EXAMPLE 15 

[0156] This experiment was designed to deteimine the effect of adjuvant components on the uptake of coMoida! gold 

by isolated lymphocytes. The experiment was performed in the same manner as Examples 6 and 7, except that an 
^0 additional group of eel Is was included. These cei is received 1 00 jjil of a 1 .Omg/ml suspension of heat killed Mycobacterium 
butyricum. This bacoeria is routinely used in adjuvant preparation for antibody generation. 

[01 57] As illustrated in Figure 8, the gold stain was no ionger associated with either the macrophage or dendritic cells, 
but was associated with free-floating clusters of cells, which may be activated B-celLs. Phenotypying studies are currently 
underway to confirm this hypothesis, 
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EXAMPLE 16 

[01 58] Streptavidin bound to conoidai goid exhibited saturable binding kmetjcs. Forthis experiment 500 jjig streptavtdin 
was bound to 50 ml of 32 am colloidal goid for 1 hour. Subsequently, 5 mi of a stabilizing solution (5% PEG 1450.0.1% 

30 BSA) was added to the tube and allowed to mix for an additional 30 mm. The sol was centrif uged to remove unbound 
streptavidin and washed 2 times with 5 ml of the stabilizing solution. After a final spin, the pellet was reconstituted to a 
volume of 5 ml with the stabilizing solution. 1 ml aiiquots were distributed to microfuge tubes. To these tubes increasing 
amounts of biotinyiated human TNF alpha were added. The biotinylated cytokine was Incubated with the streptavidin 
gold for I hour The material was centrifuged at 1 0,000 rpms for 1 0 mm. The resultant supernatant was collected and 

35 saved for TNFdetemiinations. The peilets from each tube were washed 1 time With stabilizing solution and recentrlfuged. 
The supernatant from this spin was discarded. The pellet was reconstituted to 1 ml with stabilizing solution and both the 
pellet and initial supernatant were assayed for TNF concentrations using our CYTELISA"^^ TNF kit. One can see that 
greater than 90% of the biotinylated TNF immunoreactivity was found in the pellet (Fig. 1 0.) Indicating that the biotinylated 
TNF was captured by the streptavidin bound gold, 

EXAMPLE 17 

[0159] This experiment was to evaluate the feasibility of the streptavidin gold complex as a targeted drug delivery 
system. In order for this occur the streptavidin conjugated colloidal gold must bind both a biotinylated targeting iigand 

^5 as well as a biotinylated therapeutic. To investigate this, we performed the following experiment, 

[0160] 1 00 ml of a 32 nm colloidal gold solution was bound with a saturating concentration of streptavidin. After 1 hour 
the sol was centrifuged and washed as described above. The Colloidal goid bound streptavidin was then bound with 
subsaturating concentrations of biotinylated cytokine. The material was vortexed and Incubated for 1 hour at room 
temperantre. Afterwards the sol was centrifuged and the pellet incubated with a solution of biotinylated polylysine. After 

50 a 1 hour incubation, the sol was re~centrituged and washed. After a final spin and resuspenslon (the final volume of the 
sol was approximately 1 ml) 50 (jug of the pgalactosidase reporter gene was incubated with the concentrated streptavi- 
din/biotinylated cyto kin e/poly lysine chimera for 1 hour. The material was centrifuged to remove unbound plasmid DNA. 
The final construct {biotin EGF-SAP-Au-biot'm polylysine-DNA) was centrifuged at 14,000 rpms. The supernatant was 
assayed for the presence of DNA by determining its OD at 260 nm. We observed a decrease in the supernatant OD # 

55 260 nmfrom 0.95 to 0.25 after the incubation of the plasmid DNA with the biotin EGF*SAP-Au-biotin poly lysine construct 
The DNA was bound by the biotin EGF-SAP-Au-biotin poiylysine-DNA and was centrifuged out of the so! into the pellet. 
These data show that a new drug delivery system was devebped using avidin binding to colloidal gold. Biotinylation of 
the targeting and delivery payload was then used as the method for binding these molecules to the colloidal gold based 
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(c) selectionner une cellule produisant Tanticorps monoclonal. 

2. Precede selon la revendtcafen 1. dans lequel les ceHu^es immunitaires stimulees produites dans I'etape {a) sent 
stockees et utilisees ulteheurement. 

3. Precede selon la revendlcation 1 , dans lequel I'espece est mamnnifere. 

4. Precede selon la revendication 3, dans lequel fespece est humaine, 

5. Precede seion la revendbation 1 , dans lequel I antigene est chols^ dans le groupe constitue par IL-1 , IL-2, iL-3, IL-4, 
IL-5. iL-6. lL-7, IL-8, lL-10, iL-1 1 , IL-13, le Hpide A, les endotoxines de la phospholipase A2= renterotoxine B 
staphyiococclque etd'autres toxines, interferon detype i, i'interferon detype II, ieTNF-rx, ie TGF-p, la lymphotoxine, 
ie facteur dlnhibitjon de migration, le CSF, le CSF de monocyte-macrophage, le CSF de granulocyte, le VEGR 
fangrogenine, \es proteines de choc thermique, les fractions glucidiques desgroupes sanguins, les facteurs Rh, ie 
facteur de croissance fibroblastique, ies proteines regulatrices infiammato'sres et immunitaires, les nucleotides, 
I'ADN, TARN, I'ARNm, tes polynucleotides sens, antisens, les antigenes specifiques de ceiluie cancereuse, ia p53 
mutante, la tyrosinase, les antigenes autoimmune, les medicaments immunotherapiques, et les medicaments an- 
giogeniques et antl-angiogenlques. 

6. Precede pour la production in vitro d'anticorps monoclonaux specifiques d'une espece et speciflques d'un antigene, 
consistant a : 

(a) incuber un antigene et des cellules present at rices d'antlgene in vitro pour activer les cellules presentatrices 

d antigene, ou Pantigene est un antigene lie a un metal colloTdal : 

(b) ajouter des cellules B aux cellules presentatrices d'antigene activees pour produire des clones primaires ; 

(c) immortaliser les clones primaires ; et 

(d) selectionner une cellule productrlce d'un anticorps monoclonal. 

7* Procede selon la revendication 6, dans lequel les cellules immunitaires stimulees produites dans I'etape (a) sont 
stockees et utilisees ulterieurement, 

Proced6 selon la revendication 6, dans lequel les etapes (a) et (b) sont r^alisees en une seule etape. 

9. Precede selon la revendication 6, dans lequel I'activation comprend au moins une molecule immunostimulante. 

10. Procede selon la revendication 6, dans lequel Tantigene est choisi dans le groupe constitu^ par IL-1 , IL-2, lL-3, lL-4, 
IL-5, IL-6, IL-7, lL-8, IL-10, lL-11 . IL-12, IL-13, le lipide A, tes endotoxines de la phosphoHpase A2, I'enterotoxine B 
staphylococci que etd'autres toxines. rinterferen detype 1, Tinterferon detype M, leTNF-a, leTGF-B, la lymphotoxine, 
le facteur d'inhibltion de migration, le CSF, le CSF de monocyte-macrophage, le CSF de granulocyte, le VEGR 
Tangiogenrne, les proteines de choc thermique. ies fractions glucidiques des groupes sanguins, les facteurs Rh, le 
facteur de croissance fibroblastique, les proteines regulatrices inflammatoires et immunitaires, les nucleotides, 
rADN, I'ARN, I'ARNm, les polynucleotides sens, anttsens. les antigenes spedfiques de cellule cancereuse. la p53 
mutante, la tyrosinase, les antigenes autoimmuns, les medicaments immunotherapiques, et les medicaments an- 
giogeniques et anti-angiogeniques. 

Paterttanspruche 

1 . Ein Verfahren fur die in vitro Stimulation von Immunzellen, um antigen- und art-spezifische monoklonale Aniakorper 
herzustellen. das umfasst: 

(a) Stimulieren der immunzellen eines Menschen Oder ernes Treres in vitro, um die Zellen anzuregen eine 
Erstantwoft gegen ein Antigen auszulosen, wobei das Antigen ein Antigen ist das an ein kolloidales Metall 

gebunden ist; 

(b) Immortalisieren der aktivierten Immunzellen; und 

(c) Auswahlen einer Zelle, die monoklonale Antikorper herstellt 

2. Das Verfahren gemSB Anspruch 1, wobei d^estimulierten Immunzellen, die in Schritt (a)hergestelltwurden, gelagert 
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